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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]At RAN #84 plenary meeting in June 2019, the views on essential/optimization items on each WGs for on time completion of NR-U WI was presented in [1]. Wherein, the essential/optimization items in “7.2.2.2.2 Enhancements to initial access procedure” are as follows:
Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
Optimizations
· Msg1 enhancements with more opportunities in freq domain (over multiple LBT subbands) and time domain
· RRM enhancement including subband level RSSI and channel occupancy measurement
After that, some agreements and conclusions on initial access procedures were further reached at RAN1 #98 meeting in August and RAN1 #98bis meeting in October as follows [2-3]. 
Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.
Conclusion:
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.
Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.
Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SSBs within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells
Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)
Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.
Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency 
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)
· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.
· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.
· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot
· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.
· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.
Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA

Conclusion:
No new medium contention/load metrics other than channel occupancy are introduced
Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms
Agreement:
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U
In this contribution, we will share our views on remaining issues of enhancements of initial access procedures for NR-U, including the transmission of SS/PBCH block (DRS), RRM/RLM and RACH procedure.
 SS/PBCH block
2.1 Indication of Q
At RAN1 #98 meeting, RAN1 has agreed that if 2 bits can be found to not be necessary in the current MIB, then parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI. However, so far, there is no sufficient reason to prove the need for obtaining the value of Q in MIB before decoding RMSI. Furthermore, at present there is only one spare bit in MIB, and all other bits in it have special meanings. Considering MIB in NR-U should be as consistent as possible with Rel-15 MIB to avoid confusion, these bits in MIB are not suitable for other purposes. After Rel-16, NR-U may further evolve to support higher frequency and more beams. That means Q can take more possible values. In this case, it is difficult for MIB to find more available bits to inform Q. On the contrary, RMSI has enough flexibility for the addition of two or more bits to indicate parameter Q. So we think it is more appropriate for RMSI instead of MIB to carry parameter Q.
Proposal 1: In NR-U, RMSI is preferred for carrying parameter Q.
2.2 Indication of actually transmitted SSBs
In RAN1 #98bis meeting, RAN1 has agreed that the ssb-PositionsInBurst IE in NR-U is configured as in Rel-15 NR. The existing ssb-PositionsInBurst IE in Rel-15 NR is defined in TS 38.331 as follows. Since 5 GHz unlicensed band for NR-U drops in FR1 larger than 3 GHz, only mediumBitmap with 8 bits string in ssb-PositionsInBurst IE can apply to Rel-16 NR-U.
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
[bookmark: _GoBack]        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       
	mediumBitmap
Bitmap when maximum number of SS/PBCH blocks per half frame equals to 8 as defined in TS 38.213 [13], clause 4.1.


Actually transmitted SSB transmission is also decided by LBT results in NR-U. ssb-PositionsInBurst IE is a semi-static configuration, which can not dynamically indicate instantaneous SSB transmission results. Furthermore, 8 bits bitmap in ssb-PositionsInBurst IE is also not enough to indicate whether the SSB is actually sent at the candidate positions (10 for 15 kHz and 20 for 30 kHz). Thus, we agree that ssb-PositionsInBurst IE is used to indicate beam indices (one beam corresponds to a set of SSBs with same QCL). If a bit in ssb-PositionsInBurst IE corresponding to a beam index is set to 1, it means that SSBs may be sent in all SSB candidate positions with QCL relationship with the beam. UE will perform rate-matching for all of SS/PBCH block candidate position indices QCLed with actually beam indices that are provided by ssb-PositionsInBurst in RMSI. 
Proposal 2: In NR-U, ssb-PositionsInBurst IE is used to indicate beam indices (one beam corresponds to a set of SSBs with same QCL).
Proposal 3: In NR-U, UE should perform rate-matching for all of SS/PBCH block candidate position indices QCLed with actually beam indices that are provided by ssb-PositionsInBurst.
 RRM/RLM
3.1 RSSI measurement
RSSI and channel occupancy are used to assist the gNB to estimate the interference situation for scheduling and mobility. The accuracy of measurement results of RSSI and channel occupancy has impact on the policy decision of the gNB. RAN1 at last meeting has reached a clear agreement on RSSI measurement timing configuration (RMTC) including time-domain parameters (periodicity, measurement duration and offset) and frequency-domain parameters (measurement bandwidth and ARFCN). 
The time-domain parameters should be reuse LTE-LAA as much as possible (e.g. periodicity with 40/80/160/320/ 640 ms) except for measurement duration that should support more values e.g. 140 OFDM symbols for 30 kHz subcarrier spacing. For frequency-domain parameters, NR-U supports measurement bandwidth at least in units of LBT bandwidths. One remaining issue is that whether to support units other than LBT bandwidths. In our opinion, it doesn't make sense to support smaller units (e.g. RB level) in band n46 unlicensed spectrum since RSSI measurement in NR-U mainly reflects the situation that a whole carrier/subband is occupied or used by intra-/inter-RAT devices, rather than frequency selective information in some REs/RBs. RSSI measurement on a larger carrier can be realized by configuring multiple of LBT bandwidths.
Proposal 4: For NR-U, the time-domain parameters should be reuse LTE-LAA as much as possible, except for measurement duration that should support more values e.g. 140 OFDM symbols for 30 kHz subcarrier spacing.
Proposal 5: No need to support units other than LBT  bandwidths for NR-U.
3.2 RLM
When the channel is heavily loaded, DL LBT failures happen with very high probability. In this case, gNB cannot ensure the service quality for UE. Hence, a mechanism to trigger RLF is necessary to avoid the UE being stuck on a problematic frequency for a prolonged period. Furthermore, if UE considers the DL LBT failure as OOS, the unnecessary RLF increases.
UE can distinguish LBT failures from poor channel quality condition, so a third indicator can be indicated to higher layer in addition to IS and OOS. Thus a new mechanism to trigger RLF when necessary due to LBT failures can be considered. For example, when the number of LBT failures for transmission of RLM-RS within a certain period reaches a threshold, a RRC re-establishment procedure can be triggered by UE. 
Proposal 6: A new mechanism that the number of consecutive DL LBT failures reaches a threshold in a given period can be introduced to trigger RRC re-establishment procedure. 
 RACH procedure
4.1 RACH Resource
In RAN1 #94bis meeting, the following several options were proposed to handle the issue of reduced transmission opportunities due to LBT failure for Msg 1 transmission in four-step RACH procedure. 
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
If PRACH resource is allowed to be configured per sub-band/carrier, UE can perform LBT operation for RACH over multiple sub-bands in parallel, which is beneficial to increase the success probability of Msg 1 transmission. In the case when LBT within one of multiple sub-bands in a BWP /carriers is performed successfully, UE will need to complete the whole RACH procedure on LBT successful sub-band/carrier. Optionally, each message can be transmitted on which sub-band in a BWP/carrier depends on LBT results of sub-band/carrier.
Proposal 7: RACH resources can be configured over multiple LBT sub-bands within a BWP where each RACH resource is limited within an LBT sub-band.
Option 2-a is a method worth considering since it enables Msg 1 transmission within a gNB initiated COT. Further, it is better to improve resource efficiency within a gNB initiated COT. In order to reduce the risk of losing the channel, option 2-a can be used in conjunction with option1-a.
Proposal 8: Scheduling of PRACH resources via DCI (option2-a) can be considered for NR-U.
As pointed out in the meeting conclusion, scheduling of PRACH resources via paging can be inefficient since the same paging message is transmitted by multiple cells in same paging area. 
Proposal 9: Scheduling of PRACH resources via paging (option2-b) should not be supported for NR-U.
For option2-c, new RACH resources immediately following detection of DRS transmission are very limited when other signals/channel such as RMSI PDCCH/PDSCH and so on were filled within the blank symbols of DRS or the number of actual transmitted SS/PBCH blocks within DRS is up to 8. Based on this, UE will face high collision probability if RACH resources immediately following detection of DRS transmission is used. 
Proposal 10: New RACH resources immediately following detection of DRS transmission (option2-c) should not be supported for NR-U.
For option2-d, assuming that multiple Msg 1 transmission opportunities were configured before Msg 2 reception in RAR window, if UE perform LBT success in the one of multiple Msg1 transmission opportunities, one or more RACH resources after Msg1 transmitted successfully may be unnecessary. So allocating multiple RACH resources seems inefficient.
Proposal 11: Multiple PRACH transmissions before Msg 2 reception in RAR window (option2-d) should not be supported for NR-U.
For option2-e, Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by Rel-15 NR design. For example, the number of SSBs is 4, the number of PRACH resources in the frequency domain is 4, and the number of SSBs per RO is 1. Then one SSB can get multiple ROs in the time domain as shown in Figure 1.


Figure 1 SSB-to-RO mapping by frequency first - time second manner.
Proposal 12: Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by existing Rel-15 NR design.
4.3 Msg3
As agreed in previous meetings, RAN1 can facilitate COT sharing between Msg2 and Msg3, and multiple msg3 Tx opportunities with a single or multiple RARs in the time domain is feasible from the perspective of RAN1, but there is still no consensus in RAN1 #97 meeting. Therefore, RAN1 will continue to discuss whether multiple msg3 Tx opportunities should be supported. 
The enhancement of  Msg3 is not a essential problem which must be discussed. The success rate of  a single Msg3 can be improved by means of implementation or multiple msg3 Tx opportunities with a single RAR in the time domain is suitable. So we recommend that the enhancement of  Msg3 should not be considered in Rel-16 NR-U.
Proposal 13: The enhancement of  Msg3 should not be considered in Rel-16 NR-U.
4.4 LBT for PRACH
In order to improve the probability of successful random access procedure and consider fairness coexistence with other systems such as Wi-Fi, Cat-4 LBT with priority class 1 or 2 should be considered. In particular, for two-step RACH scenarios, Msg A may include Msg 1 and Msg 3 that belong to the four-step RACH procedure. The total duration of Msg A in the time domain may exceed 1 ms. It is inappropriate to adapt a DRS-like LBT mechanism, e.g., Cat 2 LBT. In summary, Cat 4 LBT with priority class 1 or 2 should be considered for four-step RACH or two-step RACH.
Proposal 14: Cat-4 LBT with priority class 1 or 2 should be considered for Msg 1 in four-step RACH or Msg A in two-step RACH.
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In this contribution, we share our views on remaining issues of enhancements of initial access procedure for NR-U. We have the following proposals:
Proposal 1: In NR-U, RMSI is preferred for carrying parameter Q.
Proposal 2: In NR-U, ssb-PositionsInBurst IE is used to indicate beam indices (one beam corresponds to a set of SSBs with same QCL).
Proposal 3: In NR-U, UE should perform rate-matching for all of SS/PBCH block candidate position indices QCLed with actually beam indices that are provided by ssb-PositionsInBurst.
Proposal 4: For NR-U, the time-domain parameters should be reuse LTE-LAA as much as possible, except for measurement duration that should support more values e.g. 140 OFDM symbols for 30 kHz subcarrier spacing.
Proposal 5: No need to support units other than LBT  bandwidths for NR-U.
Proposal 6: A new mechanism that the number of consecutive DL LBT failures reaches a threshold in a given period can be introduced to trigger RRC re-establishment procedure. 
Proposal 7: RACH resources can be configured over multiple LBT sub-bands within a BWP where each RACH resource is limited within an LBT sub-band.
Proposal 8: Scheduling of PRACH resources via DCI (option2-a) can be considered for NR-U.
Proposal 9: Scheduling of PRACH resources via paging (option2-b) should not be supported for NR-U.
Proposal 10: New RACH resources immediately following detection of DRS transmission (option2-c) should not be supported for NR-U.
Proposal 11: Multiple PRACH transmissions before Msg 2 reception in RAR window (option2-d) should not be supported for NR-U.
Proposal 12: Group wise SSB-to-RO mapping by frequency first-time second manner can be achieved by existing Rel-15 NR design.
Proposal 13: The enhancement of  Msg3 should not be considered in Rel-16 NR-U.
Proposal 14: Cat-4 LBT with priority class 1 or 2 should be considered for Msg 1 in four-step RACH or Msg A in two-step RACH.
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